This study examined the computer workstations of 50 faculty and staff at a regional comprehensive university in the southeastern United States. Data were collected using a subjective questionnaire and the observational Computer Workstation Analysis tool. The researchers found no significant differences between participants' perceptions of their risk for work-related musculoskeletal disorders (WRMDs) and observations of workstations at the worksite. The researchers recommend developing an ergonomics program delivered by occupational health team members with knowledge and skill in WRMD prevention, identification, and treatment.
Applying Research to Practice
Increasing employees' awareness of the design of their workstations and the risk factors associated with musculoskeletal disorders can prevent some injuries . A worksite analysis conducted by the occupational health team should be considered for employees who spend significant time at a computer.
and early detection , employers can decrease WRMDs and their associated costs.
ERGONOMICS
Ergonomics has roots in a variety of disciplines, including anthropometries, biological sciences, biomechanics , design, engineering, industrial hygiene, legal and regulatory, health sciences, physics, rehabilitation therapies, and safety (Dahl, 2000; Fisher, 1994; Gibson, 2(05) . The prefix "ergo" is derived from the Greek word for work and the root "nomos" is from the Greek word for law; thus, ergonomics is defined as pertaining to the laws of work (Dahl ; Gibson) . Chapanis (1995) defined ergonomics as a multidisciplinary scientific system that provides information about human capacities, object design, and environments for safe human activity. OSHA defines ergonomics as the study of work, the science of designing the job to fit the individual performing the job, and the practice of designing equipment and work tasks to conform to the capabilities of workers. Ergonomics provides a means for adjusting the work environment and work practices to prevent injuries (Grayson, Dale, Bohr, Wolf, & Evanoff, 2005; OSHA, 2000 OSHA, , 2002b .
Assessing human factors is an important part of ergonomics. Human factors include physical , cognitive, cultural, personal, and psychosocial factors; perceptual and sensory systems; disabilities; biorhythms; communication; vocational training; work experience; health history; and occupational stress (Dahl, 2(00) . Human factors can contribute to the development ofWRMDs.
WORK ENVIRONMENTS
Employees often spend their workdays in specific locations. Therefore, the workplace environment and workstation design are critical to workers' productivity, safety, and health. Workplace variables contribute to worker health and safety and may include lighting, air quality, temperature, size and maneuverability of space, and workstation design , including furniture layout. An ergonomically designed workstation should prevent WRMDs, decrease health care and workers' compensation costs, maintain workers' productivity, increase workers' morale, and improve workers' quality of life.
Office Ergonomics
In the past decade, the U.S. economy has changed from manufacturing to service. That change has led to an 108 increase in the number of workers using computers. In 1984, only 25% of the U.S. population used computers at work. By 1993, more than 45% of the population used computers at work, and in 1997, more than 18 million workers held jobs that required intensive computer use (OSHA, 2(07) . This number continues to grow. Computer technology has increased productivity, reduced paper consumption, created new jobs , and changed the performance requirements of existing jobs. With the increased use of computers and decreased use of paper and typewriters, less time is spent filing and retrieving paper, making copies , and completing forms. More uninterrupted computer time has increased the incidence of computer-related WRMDs (e.g., carpal tunnel syndrome) (Richardson & Larsen, 1997) .
In the office setting, exertion, contact or mechanical stress, and posture can be related to WRMDs . The frequency and duration of exertions related to work productivity standards may contribute to WRMDs (National Academy of Science s, 2(00). Pay incentives encouraging faster work may result in insufficient recovery time, leading to tissue damage and WRMDs.
Mechanical stress occurs when a body part is in contact with a hard or sharp object (i.e., a table or tool). The wrists and elbows are particularly susceptible to mechanical stress (Dahl, 2000) . Many workers rest their wrists on keyboard trays while typing or their elbows on desks while performing other duties . When wrists are in a non-neutral position, carpal pressure increases . Increased carpal pressure decrea ses blood flow to the area and impairs median nerve function (Hedge , Morimoto, & McCrobie, 1999) . Research has shown that the pressure in the carpal tunnel with sustained posture should be below 40 mm Hg or 30°flexion and 15°extension. For a neutral typing posture , a keyboard must have a negative slope (Hedge et al.; Martin, Chon , & Tuthill, 1999) ; the keyboard tray and keyboard must be in a downward position . Most workstations offer a straight keyboard tray, requiring employees to extend their wrists to enter data. Wrist extension is often increased by keyboard features such as legs. Dahl (2000) linked musculoskeletal loading, awkward postures, forceful or sustained exertion (lift, carry, push, pull, and stretch), repetitive movements and motions, mechanical stress, vibration, and extreme temperature to WRMDs. Individuals with sedentary occupat ions (e.g., administrative assistants and educators) sustain postures when reading, doing computer work, talking on the telephone , and grading papers (NIOSH Grant, 2(02) . During administrative and computer tasks, the neck and shoulder muscles perform static contractions, while the smaller hand and forearm muscles contract and relax repeatedly. These sustained postures and muscle contractions cause prolonged tension in muscle groups, leading to strain (Dahl) . The frequency of muscle contraction and duration of sustained postures directly affect the blood flow to muscles and joints.
Office workers are often inadequately trained to recognize workstation designs that may lead to WRMDs. Employees who inherit workstations may not complain about workstation design or symptoms of WRMDs because they are unaware that changes could prevent injuries or they fear management repercussions. If workers are not educated about WRMDs, it is likely that workstations will not match their needs or be used correctly to prevent injuries (Bohr & Barrett, 1997; Lieber, Rudy, & Boston, 2000; McCauley, 1990; Sager & James, 2005) .
Workstations
An ergonomicalIy designed workstation can reduce WRMDs and maximize comfort and productivity (Dahl, 2000) . Workstations should support the back, arms, legs, and feet. They should have adjustable video display terminals (VDTs) and keyboards. Tables or desks must be adjustable verticalIy for worker comfort. Chairs must be of the proper height and must support the lumbar spine. Guidelines have been published for a proper seated posture at computer workstations (Dahl; IBM, 2000; OSHA, 1999a OSHA, , 1999b . Frequently used items should be placed directly in front of workers. Documents must be positioned properly.
Because employees change positions several times during the workday, the position of keyboards, height of chairs, configuration of VDTs, and reach envelope may also need to change. The reach envelope, categorized as large, medium, or smaIl, is the distance of an object from a worker's shoulder. This distance should be measured by a professional trained to perform worksite analysis.
VDTs. Extended time at VDTs without breaks may cause a variety of problems that could lead to WRMDs. A static seated posture with limited movement of the eyes, head, arms, and fingers causes muscle fatigue and eventualIy muscle pain and injury. Fatigue, eyestrain and irritation, blurred vision, headaches, stress, and neck, back, and arm pain are associated with the use of VDTs (OSHA, 1996; Tadano, 1990) . VDTs should be adjustable to meet individuals' needs. VDTs should tilt verticalIy and swivel horizontally to allow for adjustments in any plane (OSHA, 2oo2a 24 inches, with the top of their screen at the eye level of users (OSHA, 1997 (OSHA, , 2000 . To reduce glare, VDTs should be placed at right angles to windows and light sources when possible (OSHA, 1997). Although glare filters exist that attach to the screens of VDTs, these should be considered a last resort because they may reduce visibility and legibility of the information on the screen. Over time, poorly positioned monitors may cause users to adopt awkward postures, increasing stress on their neck, back, and shoulders (OSHA, 2oo2a).
Chairs. Desk chairs should alIow workers to assume three different positions: straight, forward tilt, and reclining (Martin et al., 1999) . These positions vary muscle loading while maintaining support at all crucial points. As a chair's height changes, the workstation must change to maintain neutral positions of the wrists, elbows, and shoulders.
Chairs are the equipment most determining workers' positioning. An ergonomicaIly designed chair has adjustable height, tilt, pivot, and armrests. Height, seat pan design, armrests, and backrest are critical elements of chairs (OSHA, 1997). The seat pans of chairs should be concave rather than flat, be padded, and have a rounded edge.
METHODOLOGY
This nonexperimental descriptive study was designed to explore issues associated with WRMDs in a university office setting. It identified, but did not remediate, ergonomic problems. Data colIected in a larger National Institute for Occupational Safety and Health-funded study of risk factors for WRMDs among university faculty and staff were used. The study was approved by the university'S institutional review board. The purpose of this research was to:
• Compare and contrast the perceptions of university faculty and staff with the observations of graduate assis- tants to determine the awareness of WRMD risk factors among faculty and staff.
• Determine if employee job satisfaction is related to WRMD risk factor exposure.
• Determine if the position of computer keyboards correlates with undesirable wrist angles.
Sample
Fifty faculty and staff members with their own computer workstations in an academic department of a southeastern state university volunteered to participate in the study. Each participant was older than 18 and gave written informed consent.
Although university faculty and staff are not a high risk group for WRMDs, they do spend considerable time working on computers each day. The range of workers' sizes and shapes dictates the need for ergonomically designed workstations that are tailored to the individual.
Data Collection
Two instruments were used to collect data. The first was a 28-item questionnaire designed by the research team. It collected demographics and participants' perceptions of their workstations. Questionnaires contained codes identifying workstations, but participant anonymity was maintained. No data were collected establishing the instrument's reliability and validity.
The second instrument, the Computer Workstation Analysis (CWA), was developed by the U.S. Army. It is a 93-item observation tool used by trained observers to assess computer workstations in approximately 10 minutes. The CWA focuses on the following aspects of workstations: work area and work practice, desk, chair, footrest, monitor, keyboard, mouse, trackball, other input devices, document holder, and lighting and glare. The CWA was selected because these aspects are consistent with risk factors identified as contributing to WRMDs in office settings.
Work Area and Practice Variables. This aspect of the CWA contained only one item applicable to the current study. The item asked if the work area provided enough room for the equipment in the workstation (OSHA, 1997 (OSHA, , 2000 . Frequently used equipment should be within 18 inches of the operator, having a short reach envelope. Other items should be within ann's reach and have adequate space on the desk and shelves (OSHA, 1997 (OSHA, ,2000 .
Desk Variables. This aspect of the CWA contained one item relevant to the current study. Desk obstructions including boxes, computers, files, mini-refrigerators, printers, and other office supplies could cause workers to assume less than optimal positions. OSHA (1997, 2(00) recommends the work area, including under the desk, be free of obstructions.
Chair Variables. Two CWA items were used to assess chair ergonomics. One item assessed whether the height of the chair was adjusted so that the worker's feet were flat on the floor or on a footrest with the lower back supported. The other item assessed the lumbar support of the chair back. OSHA (1999a, I999b) recommends that workers be seated with their feet flat on the floor or on a footrest, their knees bent at a 90°angle, and their back supported against the chair (Dahl, 2000; IBM, 2000) .
Monitor (VDT) Variables.
Computer monitors were assessed using CWA items focusing on monitor placement, maneuverability, quality of images, distance, positioning, and monitor fit to the individual at the workstation. According to OSHA, monitors should be positioned approximately 18 inches away from workers, with workers gazing slightly downward when viewing the center of the screen. This allows for quality images. If monitors have maneuverability, they can be adjusted to fit individuals (OSHA, 1996 (OSHA, , 1997 (OSHA, , 2000 .
Keyboard Variables. Keyboards should be positioned so that workers' arms are in a neutral position with elbows flexed 90°. According to OSHA (2002a) , office workers' shoulders should be relaxed. The participants were observed to determine if their wrists extended or deviated ulnarly or radially greater than 10°. OSHA recommends that wrists be extendedno more than 10°and that radial or ulnar deviation be no more than 5° (OSHA, 1997 (OSHA, ,2000 .
Mouse Variables. The observer assessed whether the mouse was housed together with the keyboard on an adjustable, stable work surface tray. OSHA (1997 OSHA ( , 2000 recommends that the mouse be placed on an adjustable MARCH 2008, VOL. 56, NO.3 tray with the keyboard, allowing for equal reach envelopes for the user whether using the mouse or the keyboard.
Data Analysis
Data from the workstation analyses were electronically synched onto the same computer using the Palm Pilot technology that the graduate students used when evaluating the workstations. Synching is a data process by which the software transfers data from the Palm Pilot to the personal computer database for analysis via the Palm Pilot cradle, which assures no errors in the transfer of data. A chi-square test was used to analyze the data for statistical significance.
RESULTS
The 50 participants included 33 faculty and 17 staff members. Thirty-nine (78%) of the participants were female, and nearly half were between the ages of 51 and 60 years (Table I) . Eighteen (36%) of the participants reported working at their computers 30 to 60 minutes without interruption each day. Twelve (24%) of the participants reported working I to 2 hours without interruption (Table 2) .
Faculty and staff differed in the number of hours they worked at their computers without interruption. Thirtyone percent of staff reported working less than 30 min- utes without interruption. Forty-four percent of faculty reported working 30 to 60 minutes without interruption, and 26% reported working 1 to 2 hours without interruption. However, 70% of faculty and 44% of staff reported leaving their workstations 7 or more times per day.
Workstation Perceptions
Sixteen (32%) of the participants did not respond to the survey questions about changes needed at their workstations. Fourteen faculty and staff (28%) identified lighting as a needed change. Forty-four percent of the participants identified the height of a table, keyboard, or chair as a needed change. Twenty percent of faculty and staff identified computer monitor height and distance as needing to be changed. No additional information was provided as to the exact change needed. Four faculty and staff members requested an increase in workstation space. Space was the most common "write-in" choice of the participants (Table 3) .
All other needed changes were identified by only one or two participants. These included adding casters to chairs, increasing shelving, improving chair comfort, adding a footstool, changing mouse position, increasing the number of electrical outlets, accessing windows more easily, increasing the number of file cabinets, repositioning furniture, adding computer screens, ordering wrist supports, and repositioning telephones. Participants added these items in the blank area of the questionnaire. If these items had been provided on the questionnaire, it is possible more participants would have chosen them.
The most common workstation component needing change, lighting, was reported by 11 faculty (32%). The second most common component needing change identified by faculty was the height of the desk or keyboard (24%). Other changes suggested by faculty included chair height (18%) or the height of and distance from the monitor (15%). Nine faculty (26%) did not choose or write in any component needing change in their workstations. Among the 17 staff participants, the most popular choice was "no response" (44%). However, 3 staff members (19%) identified lighting as the needed change in their workstations. Thirty-two percent of staff chose the height of or distance to the computer monitor, 25% the height of the chair, and another 25% the height of the table or keyboard as the needed change. Table 4 contains observations made by the investigators at participants' workstations during workstation analyses. Seventy-four percent of workstations were reported to have enough room for computer equipment and materials. Seventy-eight percent of participants had obstructions under their desks. Sixty-four percent of participants were seated with their feet flat on the floor or on a footrest and with their back against the back of their chair. Sixtyeight percent of participants' knees extended past the seat pan's front edge. Sixty percent of participants had lumbar support on their chair.
Workstation Observations
Fifty-eight percent of participants had their keyboard positioned to allow their arms to be relaxed at their sides, and 46% of participants maintained their wrists in a neutral position while typing. Sixty-two percent of participants were observed typing with their wrists resting on their desk or on a wrist rest. Twenty percent housed the mouse with the keyboard on an adjustable, stable work surface tray.
Workers' perceptions and graduate assistants' observations are compared in Tables 5 and 6 . In three of four workstations, both workers and observers agreed that more space was needed, the only significant finding.
To determine if a significant correlation existed between job satisfaction and exposure to WRMD risk factors, workers' job satisfaction scores and observed risk factors were compared (Table 7) . Due to the limited number of agree, slightly agree, and neither agree nor disagree responses on the job satisfaction instrument, the computed correlation did not attain significance. This is not surprising because all of the participants were satisfied with their jobs. Regarding the correlation between keyboard position and wrist angle, participants were observed typing at their workstations (Table 8 ). This correlation was not statistically significant.
DISCUSSION
The findings of this study support the description of WRMD risk factors found in the literature (Fisher et aI., 2003) . Specifically, sustained awkward keyboard postures and poor workstation designs can contribute to WRMDs (National Academy of Sciences, 2000; OSHA, 1999b OSHA, , 2000 . In the current study, no statistically significant relationships were found between participants' perceptions and graduate assistants' observations of exposure to risk factors.
Using scientific measures, OSHA has established the relationship between work and the development of WRMDs (OSHA, I999a, 1999b) . A well-designed ergonomics program can save employers substantial resources through the prevention of WRMDs (Baxter, 2006; Evanoff, Bohr, & Wolf, 1999; General Accounting Office, 1997) . The General Accounting Office has outlined an effective ergonomics program that could be used by both private and public employers. The core elements of this program include management commitment, employee involvement, job analyses, control development for problem jobs, employee education, and appropriate case management after an injury.
After the need for an ergonomics program has been established, management must have a vision and purpose for the program and clearly and effectively communicate the program to employees. Effective managers will involve employees in the program by delegating tasks and guiding employees through the implementation period. Employees at high risk for WRMDs can be identified by reviewing historical injury and workers' compensation data. High-risk jobs can also be identified by observing employees while they perform tasks.
After identifying high-risk jobs, management must develop solutions to create safer jobs. Workers must be educated to recognize ergonomic hazards, use equipment safely, employ techniques such as regular breaks to stretch, and identify early signs and symptoms of WRMDs. Injury management is an important element of a successful ergonomics program. Early detection, prompt treatment, and timely recovery through case management are essential to reduce workers' compensation claims and costs and improve productivity (Fisher et aI., 2003) . Tiraloschi et al. (2002) found that employees reported a significant decrease in pain and discomfort after an office ergonomic program assessment. Efforts to evaluate a program's effectiveness can playa critical role in measuring how successful interventions are at reducing the prevalence of WRMDs.
In the current study, WRMDs associated with repetitive motion had only been recorded for 2 years. This 2-year database of injuries was too small for trend analysis to predict repetitive motion injuries or for comparison with national databases (Fisher et aI., 2003) .
FURTHER RESEARCH
A comprehensive ergonomics program targeted at university staff rather than faculty may have more immediate and dramatic effects on this university's bottom line. However, further analysis of the data could indicate an opportunity to focus on both faculty and staff simultaneously in specific areas of need (e.g., education on WRMD risk factors). For example, the data revealed that 46% of the participants extended their wrists greater than 10°, a risk factor for WRMDs. Simply educating participants to lower the extension on the bottom rear of their keyboard, rest their wrists on a wrist rest while typing, and take frequent stretch or rest breaks could be effective in changing exposure to risk factors for WRMDs.
Demographics from this sample indicated that several of the participants were overweight. Dissemination of general health information could improve overall employee health and decrease health-related costs. Obesity alone is unlikely the cause of WRMDs; however, when combined with other risk factors, weight may play a role.
Although many of the participants did not provide information on what they believed should be changed at their workstations, it was noted that some changes could be beneficial. Occupational health nurses and the occupational health team could provide further analysis and intervention to improve the design and function of workstations.
